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.2012.12.0Abstract Concentration of thirteen metals were measured in the clam Amiantis umbonella and its
parasite crab Arcotheres tivelae, sediment and water collected at two stations of the Northern coast
of the Persian Gulf. Magnesium and iron were the two most abundant measured metals in clams,
crabs, sediments and water. The maximum and minimum metal concentrations in clams were attrib-
uted to Mg (3541–5445 lgg1 dry wt) and Ag (0.30 lgg1 dry wt). Regarding metal concentration
in different clam’s compartments, Pb in shell, As in digestive gland and Cu, Ag and Zn in remaining
soft parts were more than other clam’s parts, crab, water and sediment as well. A. umbonella could
be a useful bioindicator for As, Pb, Cu, Ag and Zn metal elements. A. tivelae could also be used as a
valuable bioindicator for Cd in addition to the mentioned metals to survey metal concentration.
There was insigniﬁcant difference between metal concentration in infested and non-infested clams.
However, the average concentrations of metals in infested clams were less than non-infested during
the study. A signiﬁcant positive correlation was occurred between clam length and concentrations
of Cd, Mn, Pb and Ag. There was also a positive signiﬁcant correlation between accumulation of
metals in clams, crabs, water and sediment. This study showed that variable metal concentrations
were related to station and season interactions. However, stations and seasons did not affect metal
concentration in clam, crab and water separately.
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03Introduction
Industrial activities and urban wastes can cause serious threats
to marine ecosystems and diversity locally and globally, due to
contaminant releases (Metian et al., 2008). Lu et al. (2005) re-
ported that survival of clam Macoma nasuta in sediments of
Northern Sanfrancisco Bay with high concentration of metals
was decreased. The Regional Organization for the Protection
of the Marine Environment (ROPME) Sea Area (RSA) is un-
der several essential impacts of pollution especially in recent
years. Large amounts of pollutants discharged into the Persianuction and hosting by Elsevier B.V. All rights reserved.
94 H. SaeediGulf due to accidental oil tanker emissions during shipping
activities and industrial developments. Furthermore, wars in
the past two decades may have increased the pollution loads
in the area (de Mora et al., 2004). For instance, clams collected
near Kuwait showed higher levels of Cd, Cu, Ni, Pb, and V in
1991 compared to 1985 (Kureishy, 1993). Also accumulation
of oil-related metals like Ni and V, along the oil-impacted
coastline of Saudi Arabia compared to other areas in the Per-
sian Gulf (1991) presented higher values (Fowler et al., 1993).
Amiantis umbonella is a venerid edible sessile clam which
inhabits intertidal sandy-muddy coasts along the Oman Sea
and the Persian Gulf (Bosch et al., 1979). Amiantis umbonella
is a host for the pea crab A. tivelae in Northern parts of the Per-
sian Gulf, Bandar Abbas (Saeedi and Ardalan, 2010). The Per-
sian Gulf is a shallow basin (35–40 m) and connects to the
Indian Ocean through the Strait of Hormuz where pollutants re-
main for a speciﬁc time in this Gulf. Shallow depths, high tem-
perature and salinity, and restricted currents in Northern parts
of the Persian Gulf strengthen the effects of pollutants on the
marine environments (Pourang et al., 2005). As benthic molluscs
can be bioindicarors of heavy metal contamination and bioaccu-
mulation in intertidal areas (Yap et al., 2009), this study pro-
vides data for the future studies in this area on the metal
concentration in molluscs. The purpose of this study is to exam-
ine and determine the bioaccumulation of a wide range of metals
in different parts of A. umbonella, A. tivelae, water and sediment
(in two seasons and two stations), differences in metal concen-
tration in clam between two stations and two seasons, differ-
ences of metal accumulation between different compartments
of clams, metal concentration differences between infested and
non-infested clams and the relationships between clam length
and the value of bioconcentration of selected metals. The results
can also be used to study the possibility of introducing this clam
as a bioindicator for the future monitoring plans.
Materials and methods
Study area and sampling
Two stations along the Northern Golshahr coast of
Bandar Abbas (area: 45 km2; height from the sea level: 10 m;
mean water temperature: 28.6 ± 0.7 C; mean humidity:
64.8%; mean annual rainfall: 182.1 mm; annual tidal range:
0.1–3.88 m) were sampled. Stations were selected based on
their expected contamination status. The contamination level
(e.g. sewage, domestic wastes like rubbish dump and anthropo-
genic inputs) in the ﬁrst station (Park-e-Qadir, 56 200 E, 27
110 N) was higher than the second station (Nakhl-e-Nakhoda,
56 230 E, 27 100 N) (Fig. 1). Specimens of A. umbonella
werecollected by hand using a 0.5 m2 quadrate from the two
stations during low tide in August 2009 and February 2010
(Saeedi et al., 2010; Saeedi and Ardalan, 2010). Bandar Abbas
is a tropical area with a distinct season (November to April
with a mean air temperature of 32.1 C) and cool season
(May to October with a mean air temperature of 21.7 C).
Thus, samples were collected separately in each season. Speci-
mens of clams were kept in seawater for 24 h (at 28–30 C) to
depurate the gut contents and mantle cavity (He´douin et al.,
2009), and then, were frozen at 20 C for future analyses.
Samples of the top 5 cm layer of sediments were collected
from the two stations and immediately transferred to thelaboratory in acid-washed plastic bags and kept at 20 C
for future metal analysis (Chen et al., 2007). In addition, sam-
ples of seawater were collected from the sea-surface at <1 m
depth using acid-washed containers and kept in the laboratory
at 4 C less than 15 days for future analysis.
Sea-surface temperature, salinity, dissolved oxygen and pH
were measured at low tide at both stations separately.Biometry and sample preparation for metal analysis
In this study, a total of 240 clams (n = 60 per station per
month) of 14 to 50 mm in length, 0.93 to 60.75 g in weight, were
collected. Anterio-posterior length (length), dorso-ventral length
(width), the distance between two valves (diameter), crab cara-
pace length (when present) to the nearest 0.1 mm by vernier cal-
ipers and total weight (TW), wet weight of the soft parts (SPW),
shell weight (SW) and crab weight (CW) (when present) to the
nearest 0.1 mg using a digital balance were measured.
Body size is known to affect the metal concentrations in
marine organisms (He´douin et al., 2009). Thus, different length
sizes from the smallest to the largest specimen (14 to 50 mm)
were selected for the metal concentration analysis. Different
compartments including digestive gland, remaining soft parts
(mantel and gills) and shell of 1416 clams for each length
class were pooled [different parts of infested and non-infested
clams and crabs pooled disparately], weighed (wet wt) (Maa-
nan, 2008), and dried at 60 C in oven until the constant
weight (He´douin et al., 2009). Dried samples were reweighed
(dry wt) and grounded in an agate mortar for homogenization
(Maanan, 2008). Likewise, sediments were dried at 60 C until
a constant weight, and then were sieved (1 mm mesh size) be-
fore metal analysis (He´douin et al., 2009).
Regarding sample preparation for metal analysis, dried bio-
logical samples of clams (0.1–0.5 g) and dried sediment sam-
ples (0.5 g) were digested using a 3:1 (v/v) 65% HNO3 and
30% HCl mixture at room temperature overnight, then using
a microwave (30 min with constantly increasing temperature
up to 150 C for biological samples and up to 100 C for sed-
iment samples, then 15 min at this maximum temperature).
Then, all samples were diluted to 30–50 mL with milli-Q water
(He´douin et al., 2009). Water samples were ﬁltered (about
100 ml) through ﬁlter papers (0.4 lm) just before analysis. Fi-
nally, all elements were analyzed using an atomic absorption
spectrophotometer (certify ISO 17025). Metal concentrations
are presented as lgg1 dry wt (Yap et al., 2009) for clams,
crabs and sediments and lgl1 for water. All samples were
reanalyzed in Acme Labs in Vancouver, Canada to verify the
quality of metal analysis and all results conﬁrmed our ﬁndings.
All measurements were certiﬁed against internationally Certi-
ﬁed Reference Materials (CRMs) such as standard reference
material oyster tissues (SRM-1566b) from the National Insti-
tute of Standards and Technology (NIST). Recoveries were
more than 85% for all the measured metals (Table 1).Statistical analysis
All data were checked for normality (Shapiro–Wilk test) to use
in future parametric tests. A Pearson correlation was used to
identify differences between size and metal concentrations in
Table 1 Comparisons between the metals measured in certi-
ﬁed reference material (Oyster Tissue, SRM-1566b) and the
present study.
Metals Certiﬁed Values Present Study Recovery (%)
(lgg1) (lgg1)
Mg 0.10 0.13 88.7
Fe 205.80 221.00 89.5
Mn 18.50 15.01 90.4
Al 197.20 197.07 100.1
Zn 1424.00 987 91.5
As 7.65 6.96 99.4
Cu 71.60 72.87 93.4
Co 0.37 0.34 100.3
Ni 1.04 2.43 86.1
Pb 0.30 0.35 96.4
Cr 1.43 1.26 92.7
Cd 2.48 2.57 89.9
Ag 0.66 0.58 94.6
Figure 1 Study area in Bandar Abbas, Persian Gulf. Inset shows the sampling sites: ‘Park-e-Qadir’ and ‘Nakhl-e-Nakhoda’.
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dent-sample t-test was used to determine the signiﬁcant
differences of metal concentrations between infested and
non-infested clams as well as metal concentrations in sediment
and water between the two stations. A two-way analysis of
variance (ANOVA) was used with sampling station and body
compartment as ﬁxed factors by using multiple comparison
test of Tukey (He´douin et al., 2009) and independent-sample
t-test was used to determine the differences of metal concentra-
tion in different parts of clams. A two-way ANOVA was used
to determine the effects of sampling season and to study sta-
tions as ﬁxed factors on the variation of metal concentrations
in the clams (Maanan, 2008). A non-parametric test Spear-
man’s correlation was used to determine the relationship be-
tween the metal concentration in clams, sediment and water.
The levels of signiﬁcance for all analyses were ﬁxed at
a= 0.05.
Results
Biometric analysis
A total of 240 specimens were collected and studied during the
study. The largest clam was 50 mm and the smallest was
14 mm in anterior-posterior length and in weight were
60.75 g and 0.93 g, respectively. The average anterior-posteriorlength of specimens in August 2009 and February 2010 were
35.21 ± 2.12 mm and 35.18 ± 10.84 mm, respectively. The
average total weight was 23.75 ± 3.43 g in August 2009 and
28.34 ± 2.20 g in February 2010. The relationship between
length and total weight of all specimens is W= 0.0005
L3.024 (r2 = 0.97, p 6 0.05) (Fig. 2).
Figure 2 Relationship between length and total weight in
Amiantis umbonella for both stations.
Table 2 Physical and chemical Sea-surface measurements
during August 2009 and February 2010 in coastal waters of
Bandar Abbas at two stations.
Temperature
(C)
Salinity
(psu)
Dissolved
Oxygen (mg/l)
pH
August 2009
First Station 27.50 39.08 5.70 8.57
Second Station 28.75 42.40 5.62 8.49
February 2010
First Station 16.00 36.45 6.09 8.10
Second Station 17.50 38.52 5.91 8.04
96 H. SaeediEnvironmental factors measurement
There was a little difference between water environmental fac-
tors at the two stations between August and February (Table 2).
Temperature and salinity at Park-e-Qadir were higher than
Nakhl-e-Nakhoda; whereas, dissolved oxygen and pH were
higher at Park-e-Qadir. Temperature in August was higher than
February whereas other factors showed a little change between
the two months. Therefore, regarding the lack of differences in
the values of environmental factors, investigations of their ef-
fects on the metals concentrations were not further discussed.
Metal concentrations in Clam A. umbonella, Crab A. tivelae,
sediment and water
Accumulation of some metal elements in clams and water were
below the detection limit which restricted comparisons be-
tween them at the two stations. Metal concentration varied
as follows: Mg > Fe >Mn= Al > Zn > As = Cu > -
Co > Ni > Pb > Cr > Cd> Ag in clam soft part (digestive
gland and remaining soft parts), Fe >Mg> Al > Zn = -
Co > Pb > Cu>Mn> As > Ni > Cr > Cd> Ag in clam
shell, Mg > Fe > Al > Zn =Mn> Cu > As > Co>
Ni > Pb > Cr = Cd> Ag in crab, Mg > Fe > Al >
As> Cr >Ni > Cu> Pb>Mn= Zn=Ag= Cd> Co in
water and, Mg > Fe > Al >Mn> Cr > Ni > Co = Zn >
Cu> As > Pb > Cd> Ag in sediment.
The average concentration of Mg, Fe, Al and Mn were more
than other metals in clams; whereas, Ag, Cd, Ni and Co= Cr
were less than other metals in clams. In general, Mg and Fe were
the most abundant and manifested metals in clams, crabs, water
and sediment in this area (Tables 3 and 4).
Fig. 3 displays metal concentrations in clam and sediment
between the two stations in two seasons (ﬁgures related to me-
tal concentration in water were not provided because of undis-
tinguished differences). Concentration of Mn, Fe, Mg and Al
in Park-e Qadir considerably were more than the second in
August; whereas, concentration of Fe, Mg and Al in clams
at Nakhl-e-Nakhoda surprisingly were more than the ﬁrst
one in February (Fig. 3b and d). Concentrations of Fe and
Al in sediment at Nakhl-e-Nakhoda were considerably more
than the ﬁrst in two seasons; whereas, Mg concentration in
sediment at Park-e Qadir showed high levels compared to
those at Nakhl-e-Nakhoda (Fig. 3f and h).
The correlation between all measured metals in clam, crab,
water and sediment were studied which showed a po sitivesigniﬁcant correlation between concentration of all metals in
clam and crab, clam and water, clam and sediment, crab and
water, crab and sediment, water and sediment at both stations
during the study (r= 0.57–0.97, p 6 0.05).
Metal concentration in different compartments of clam and crab
There was a signiﬁcant difference between metal concentra-
tions in different compartments of clam (t-test, p 6 0.05).
According to the two factors considered (body compartment
and sampling station) and their interaction, the body compart-
ment played an important role of the variability detected for
all thirteen metals excluding Pb, Ag and Al in August, and
Cu and Ag in February whereas the sampling station was
the predominant factor deﬁning the variability observed for
Ag, Pb and Al in August (Two- way ANOVA, p 6 0.05).
Multiple comparison test of Tukey after two-way ANOVA
on the mean concentrations in each body compartment (both
sampling stations together) showed that the concentration of
As in digestive gland and Pb in shell were more than other parts
of clam in August; whereas, concentrations of Cu, Ag and Zn in
remaining soft parts and Pb in shell were more than other parts
of clam in February. Distribution of all metal loads amongst
body compartments, digestive gland and remaining soft parts
contained more proportion of the metals than shell. Regarding
metal concentration in crab, Zn, Cd, Ag and Cu in August and
As in February were more than other measured cases.
Clam size inﬂuences on metal concentration
A signiﬁcant positive correlation was observed between the
concentrations of Cd, Mn, Pb and Ag in clams and their
lengths (r= 0.30–0.34, p 6 0.05) (Tables 3 and 4).
Metal concentrations in infested and non-infested clams
Infested clams only occurred at Park-e Qadir and none observed
at Nakhl-e-Nakhoda during the study period. There was insig-
niﬁcant difference between metal concentration in infested and
non-infested clams (t-test, pP 0.05). However, only the average
concentration of some metals in infested clams was notably less
than non-infested in August 2009 in the digestive gland.
Differences among sampling sites and seasons
There was insigniﬁcant difference in metal concentration in
clam and water between the two stations (Independent- sam-
Table 3 Element concentrations in different compartments length classes of Amiantis umbonella (mean ± SD; lgg1 dry wt, n = 14–16), Crab (mean ± SD; lgg1 dry wt, n = 5),
sediment (mean ± SD; lgg1 dry wt, n = 3) and water (mean ± SD; lgl1, n = 3) in August 2009 at two stations.
Station Length (mm) Weight (g) Cu Ag Pb Zn Ni Co Mn Fe As Cd Cr Mg Al
Compartments
Park-e-Qadir
S 25.70 ± 3.51 6.66 ± 0.70 2 ± 0.06 <0.3 <3 5 ± 1.85 <1 <1 3 ± 0.98 100 ± 47.03 <2 <0.5 <1 100 ± 81.00 <100
S 38.09 ± 8.73 20.12 ± 4.38 2 ± 0.05 0.3 ± 0.00 <3 6 ± 3.65 <1 <1 <2 <100 <2 <0.5 <1 100 ± 53.00 <100
S 46.05 ± 10.63 36.40 ± 7.60 3 ± 0.06 0.3 ± 0.00 <3 5 ± 1.98 <1 <1 3 ± 0.00 500 ± 213.00 <2 <0.5 <1 200 ± 98.00 <100
S 43.03 ± 10.34 28.46 ± 7.60 1 ± 0.04 <0.3 <3 3 ± 2.39 <1 <1 <2 <100 <2 <0.5 <1 100 ± 67.00 <100
SIC 39.12 ± 4.13 20.39 ± 6.56 <1 <0.3 <3 <1 <1 <1 3 ± 0.00 200 ± 78.00 <2 <0.5 <1 100 ± 52.00 <100
D 25.70 ± 3.51 0.31 ± 0.03 7 ± 0.08 <0.3 <3 56 ± 29 3 ± 1.90 6 ± 2.00 72 ± 20.43 359 ± 219.00 22 ± 16.24 1.0 ± 0.06 2 ± 0.08 5100 ± 123.00 100 ± 43.00
D 38.09 ± 8.73 0.50 ± 0.07 13 ± 0.06 0.3 ± 0.00 <3 66 ± 52 5 ± 1.00 7 ± 6.50 80 ± 37.00 400 ± 362.04 25 ± 13.00 1.1 ± 0.05 3 ± 0.11 5200 ± 786.00 <100
D 46.05 ± 10.63 1.00 ± 0.06 9 ± 0.03 <0.3 <3 60 ± 20 9 ± 5.00 24 ± 15.13 63 ± 27.00 700 ± 512.21 26 ± 15.45 0.8 ± 0.00 3 ± 0.09 5200 ± 324.00 300 ± 97.00
D 43.03 ± 10.34 1.26 ± 0.78 9 ± 0.08 0.5 ± 0.00 3 ± 0.00 62 ± 54 6 ± 1.56 16 ± 12.00 91 ± 43.00 400 ± 123.00 27 ± 13.00 1.2 ± 0.00 1 ± 0.03 5400 ± 432.00 100 ± 42.00
DIC 39.12 ± 4.13 0.42 ± 0.06 7 ± 0.04 0.3 ± 0.00 1 ± 0.00 50 ± 19 4 ± 3.10 12 ± 8.00 81 ± 87.07 269 ± 98.00 23 ± 21.00 0.9 ± 0.00 1 ± 0.02 4890 ± 987.00 74 ± 28.00
SP 25.70 ± 3.51 0.76 ± 0.07 4 ± 0.07 <0.3 2 ± 0.00 47 ± 36 2 ± 1.23 12 ± 7.00 180 ± 68.90 279 ± 211.03 12 ± 6.96 1.3 ± 0.00 1 ± 0.04 7200 ± 654.00 90 ± 42.00
SP 38.09 ± 8.73 3.00 ± 0.98 4 ± 0.06 <0.3 4 ± 0.00 40 ± 23 5 ± 2.50 5 ± 3.21 367 ± 79.09 400 ± 291.23 20 ± 17.00 1.5 ± 0.23 <1 7000 ± 564.00 <100
SP 46.05 ± 10.63 4.60 ± 0.92 5 ± 0.03 0.4 ± 0.00 10 ± 0.06 46 ± 27 8 ± 6.00 10 ± 8.00 506 ± 276.00 800 ± 439.00 19 ± 12.00 2.2 ± 0.24 2 ± 0.07 8600 ± 987.00 200 ± 98.00
SP 43.03 ± 10.34 3.65 ± 1.27 6 ± 0.03 0.6 ± 0.00 10 ± 0.07 44 ± 17 6 ± 3.00 7 ± 3.05 567 ± 321.90 800 ± 763.00 20 ± 8.00 2.5 ± 1.00 <1 8800 ± 643.00 100 ± 53.00
SPIC 39.12 ± 4.13 4.89 ± 1.24 3 ± 0.09 0.1 ± 0.00 1 ± 0.00 31 ± 18 3 ± 0.80 11 ± 0.48 298 ± 98.90 672 ± 123.21 9 ± 0.98 0.9 ± 0.00 1 ± 0.05 7001 ± 543.00 289 ± 75.00
C 5.85 ± 1.20 0.25 ± 0.09 29 ± 13.09 0.6 ± 0.00 <2 89 ± 26.89 7 ± 4.03 17 ± 7.06 91 ± 34.00 929 ± 725.00 19 ± 11.09 2.0 ± 0.87 2 ± 0.07 10986 ± 992.00 478 ± 98.00
Sediment – – 8 ± 2.04 <0.3 5 ± 2.70 12 ± 3.97 31 ± 9.39 17 ± 9.49 498 ± 98.00 7750 ± 996.00 7 ± 2.00 <0.5 35 ± 9.60 13900 ± 421.00 3800 ± 190
Water – – 0.1 ± 0.0 0.05a 0.1a 0.05a 0.2a 0.02a 0.05a <10 0.5 ± 0.0 0.05a 0.5a 16801 ± 130.0 1a
Nakl-e-Nakhoda
S 25.7 ± 0.93 14.07 ± 1.21 2 ± 0.50 <0.3 4 ± 2.07 3 ± 2.01 <1 <1 4 ± 2.00 <100 <2 <0.5 <1 100 ± 39.06 <100
S 33.41 ± 1.08 13.66 ± 1.92 2 ± 0.39 <0.3 <3 3 ± 1.90 <1 <1 4 ± 1.98 <100 <2 <0.5 <1 100 ± 85.00 <100
S 36 ± 1.76 17.4 ± 2.30 21 ± 16.00 <0.3 14 ± 9.00 38 ± 18.38 <1 <1 7 ± 4.06 500 ± 287.00 <2 <0.5 <1 100 ± 37.00 <100
S 35.5 ± 2.12 24.75 ± 2.70 15 ± 11.67 <0.3 3 ± 2.00 33 ± 19.00 <1 <1 3 ± 1.00 100 ± 73.00 <2 <0.5 <1 100 ± 29.60 <100
D 25.7 ± 0.93 0.27 ± 0.04 14 ± 12.82 <0.3 4 ± 1.07 63 ± 79.20 25 ± 9.98 11 ± 8.00 14 ± 10.00 400 ± 219.00 18 ± 10.65 0.8 ± 0.00 2 ± 1.21 4400 ± 873.00 100 ± 72.00
D 33.41 ± 1.08 0.26 ± 0.03 50 ± 23.32 <0.3 5 ± 2.00 115 ± 94.00 8 ± 5.00 14 ± 11.06 20 ± 14.00 300 ± 185.00 18 ± 11.00 1.1 ± 0.00 6 ± 2.00 4800 ± 987.00 100 ± 68.00
D 36 ± 1.76 0.56 ± 0.70 49 ± 23.00 <0.3 6 ± 2.50 117 ± 68.37 13 ± 7.00 13 ± 8.00 32 ± 18.00 400 ± 278.00 16 ± 9.08 1.2 ± 0.00 3 ± 0.98 4600 ± 782.20 100 ± 73.00
D 35.5 ± 2.12 0.47 ± 0.03 48 ± 18.00 <0.3 5 ± 2.12 115 ± 99.45 11 ± 7.07 12 ± 6.75 30 ± 16.00 350 ± 165.00 14 ± 12.00 1.0 ± 0.00 2 ± 1.00 4450 ± 836.00 100 ± 75.00
SP 25.7 ± 0.93 2.55 ± 0.80 66 ± 45.43 <0.3 6 ± 2.05 163 ± 68.37 13 ± 9.09 6 ± 2.00 176 ± 98.00 100 ± 67.00 16 ± 10.98 0.9 ± 0.00 <1 5600 ± 973.00 <100
SP 33.41 ± 1.08 2.05 ± 0.67 5 ± 2.54 <0.3 5 ± 3.05 34 ± 15.60 15 ± 9.87 8 ± 4.00 195 ± 97.00 200 ± 121.00 15 ± 8.08 1.1 ± 0.00 <1 6500 ± 975.00 <100
SP 36 ± 1.76 3.30 ± 0.94 6 ± 4.60 <0.3 3 ± 1.21 35 ± 18.00 10 ± 6.00 7 ± 3.59 194 ± 79.00 200 ± 102.00 15 ± 12.06 1.2 ± 0.00 <1 6200 ± 740.00 <100
SP 35.5 ± 2.12 4.22 ± 0.9 5 ± 3.00 0.4 ± 0.09 5 ± 2.00 36 ± 17.70 12 ± 8.50 10 ± 6.28 215 ± 74.00 250 ± 129.00 15 ± 10.98 1.1 ± 0.00 <1 5540 ± 421.00 <100
Sediment – – 24 ± 9.80 <0.3 9 ± 4.80 60 ± 21.00 47 ± 9.76 35 ± 12.07 511 ± 54.00 15350 ± 984.00 9 ± 4.07 <0.5 67 ± 15.00 13400 ± 265.00 6800 ± 198.00
Water – – 0.1 ± 0.0 0.05a 0.1a 0.05a 0.2a 0.02a 0.05a <10 0.6 ± 0.0 0.05a 0.5a 16990 ± 157.0 1a
S, shell; SIC, shell of infested clam; D, digestive gland; DIC, digestive gland of infested clam; SP, soft parts; SPIC, soft parts of infested clam; C, crab.
a Concentrations detection limit.
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Figure 3 Metal concentrations in clam at two stations in August 2009 (a and b) and February 2010 (c and d) and in sediments in August
2009 (e and f) and February 2010 (g and h); Park-e-Qadir (black bar) and Nakhl-e-Nakhoda (hollow bar), Bandar Abbas (Error Bar: SE).
98 H. Saeediples t-test, pP 0.05); whereas, the concentration of Ni, Co, Fe,
Cr and Mg in sediment showed a signiﬁcant difference between
the two stations (Independent-samples t-test, p 6 0.05). The
concentration of metal in clam, water and sediment did notshow a signiﬁcant difference between the two seasons as well.
Besides, the average concentrations of all elements in clams
varied considerably in terms of season and station interactions
(Two-way ANOVA, p 6 0.05).
Table 4 Element concentrations in different compartments length classes of Amiantis umbonella (mean ± SD; lgg1 dry wt, n= 14–16), crab (mean ± SD; lgg1 dry wt, n= 5),
sediment (mean ± SD; lgg1 dry wt, n= 3) and water (mean ± SD; lgl1, n= 3) in February 2010 at two stations.
Station Length (mm) Weight (g) Cu Ag Pb Zn Ni Co Mn Fe As Cd Cr Mg Al
Compartments
Park-e-Qadir
S 47.00 ± 1.58 37.57 ± 6.84 3 ± 1.12 <0.3 <3 6 ± 2.00 <1 <1 <2 <100 <2 <0.5 <1 100 ± 68.00 <100
S 42.91 ± 1.52 29.12 ± 3.12 <1 <0.3 <3 3 ± 0.73 <1 <1 2 ± 0.04 <100 <2 <0.5 <1 200 ± 98.87 <100
S 36.42 ± 2.63 17.42 ± 2.98 25 ± 9.07 <0.3 15 ± 3.98 46 ± 14.34 <1 <1 5 ± 0.18 500 ± 298.00 <2 <0.5 <1 200 ± 100.08 <100
S 23.56 ± 3.75 5.74 ± 2.98 1 ± 0.06 <0.3 <3 2 ± 0.93 <1 <1 2 ± 0.09 <100 <2 <0.5 <1 100 ± 76.00 <100
SD 46.66 ± 2.88 35.08 ± 4.03 2 ± 0.07 <0.3 <3 <1 <1 <1 3 ± 1.29 200 ± 92.03 <2 <0.5 <1 200 ± 89.00 <100
D 47.00 ± 1.58 1.29 ± 0.62 17 ± 11.00 0.3 ± 0.06 7 ± 3.12 69 ± 19.00 17 ± 11.07 14 ± 6.87 205 ± 121.00 700 ± 298.09 33 ± 9.46 1.5 ± 0.03 2 ± 1.00 7800 ± 4322.00 300 ± 124.00
D 42.91 ± 1.52 1.50 ± 0.09 13 ± 7.70 0.5 ± 0.08 4 ± 1.83 63 ± 28.00 12 ± 6.43 20 ± 9.87 133 ± 111.00 800 ± 539.00 28 ± 7.85 1.7 ± 0.00 3 ± 1.92 7300 ± 5432.00 300 ± 123.70
D 36.42 ± 2.63 1.05 ± 0.08 15 ± 9.08 0.4 ± 0.03 <3 61 ± 37.00 10 ± 4.98 31 ± 8.84 41 ± 21.04 500 ± 204.94 21 ± 8.48 1.0 ± 0.00 2 ± 0.92 6600 ± 1563.00 200 ± 121.00
D 23.56 ± 3.75 0.38 ± 0.06 13 ± 6.00 0.3 ± 0.03 <3 57 ± 32.08 9 ± 5.93 27 ± 9.90 40 ± 21.00 1000 ± 549.00 19 ± 7.94 0.8 ± 0.00 1 ± 0.02 6300 ± 1231.41 170 ± 98.05
DIC 46.66 ± 2.88 1.43 ± 0.75 12 ± 8.43 0.4 ± 0.08 3 ± 1.21 62 ± 21.00 11 ± 6.00 21 ± 7.94 41 ± 17.87 1000 ± 443.00 18 ± 4.95 1.0 ± 0.00 1 ± 0.04 6200 ± 1283.00 172 ± 126.06
SP 47.00 ± 1.58 4.94 ± 1.20 4 ± 1.90 0.5 ± 0.03 12 ± 8.04 41 ± 14.00 8 ± 3.80 9 ± 6.09 617 ± 234.00 1000 ± 392.00 22 ± 3.46 2.3 ± 0.93 2 ± 0.39 9500 ± 948.94 400 ± 223.00
SP 42.91 ± 1.52 3.42 ± 0.91 4 ± 2.00 0.5 ± 0.04 12 ± 5.98 47 ± 29.40 11 ± 4.00 14 ± 8.30 570 ± 345.00 900 ± 92.93 22 ± 8.94 2.5 ± 0.84 2 ± 0.47 9900 ± 2193.00 200 ± 111.50
SP 36.42 ± 2.63 2.38 ± 0.75 48 ± 12.06 0.3 ± 0.00 11 ± 5.93 112 ± 73.00 8 ± 4.98 20 ± 7.93 317 ± 187.00 600 ± 192.93 17 ± 4.96 1.7 ± 0.93 2 ± 1.03 9200 ± 1934.00 100 ± 67.70
SP 23.56 ± 3.75 1.27 ± 0.078 8 ± 4.00 <0.3 5 ± 1.29 43 ± 13.00 6 ± 2.76 10 ± 6.94 109 ± 74.00 600 ± 329.38 12 ± 6.05 1.0 ± 0.00 1 ± 0.00 8600 ± 2834.00 200 ± 126.50
SP 46.66 ± 2.88 4.23 ± 1.02 45 ± 23.00 0.3 ± 0.00 12 ± 6.40 89 ± 43.02 7 ± 4.21 16 ± 9.48 287 ± 92.09 873 ± 392.93 20 ± 8.54 1.0 ± 0.00 1 ± 0.00 690 ± 283.00 200 ± 154.49
C 7.75 ± 0.97 0.29 ± 0.03 38 ± 27.40 0.7 ± 0.06 <3 100 ± 69.34 8 ± 2.32 19 ± 7.92 96 ± 29.70 1000 ± 293.45 20 ± 5.04 3.0 ± 183 3 ± 1.39 11000 ± 997.00 500 ± 284.53
Sediment – – 6 ± 1.32 <0.3 6 ± 2.00 9 ± 3.34 30 ± 11.60 19 ± 8.21 545 ± 92.01 6900 ± 1211.02 9 ± 2.03 <0.5 32 ± 8.20 15200 ± 293.00 3600 ± 982.00
Water – – 0.1 ± 0.0 0.05a 0.1a 0.05a 0.2a 0.02a 0.05a <10 0.8 ± 0.0 0.05a 0.5a 11032 ± 101.0 1a
Nakl-e-Nakhoda
S 48.66 ± 3.21 38.13 ± 4.57 2 ± 1.11 <0.3 <3 4 ± 2.60 <1 <1 2 ± 0.92 <100 <2 <0.5 <1 200 ± 114.00 <100
S 34.12 ± 1.55 15.07 ± 2.01 2 ± 1.04 <0.3 <3 4 ± 3.21 <1 <1 3 ± 1.29 <100 <2 <0.5 <1 100 ± 73.96 <100
S 19.83 ± 6.76 3.70 ± 0.96 1 ± 0.74 <0.3 <3 4 ± 2.00 <1 14 ± 11.00 6 ± 2.93 <100 <2 <0.5 <1 200 ± 156.75 <100
S 48.66 ± 3.21 0.78 ± 0.05 7 ± 4.54 0.3 ± 0.0 5 ± 2.07 69 ± 38.60 15 ± 983 16 ± 9.75 57 ± 23.00 1100 ± 838.00 25 ± 9.21 2.0 ± 0.07 4 ± 1.92 1013 ± 983.00 47 ± 29.43
D 34.12 ± 1.55 0.66 ± 0.07 15 ± 11.00 <0.3 4 ± 2.70 62 ± 19.87 13 ± 6.93 13 ± 7.97 49 ± 18.92 900 ± 623.00 20 ± 8.98 1.1 ± 0.04 3 ± 0.92 9000 ± 6148.83 400 ± 264.70
D 19.83 ± 6.76 0.27 ± 0.03 11 ± 9.00 <0.3 2 ± 1.00 47 ± 27.43 10 ± 5.97 9 ± 6.42 36 ± 8.43 800 ± 464.54 16 ± 8.93 1.0 ± 0.00 2 ± 1.00 8690 ± 5274.93 380 ± 195.60
D 48.66 ± 3.21 6.78 ± 2.12 215 ± 97.00 0.7 ± 0.05 30 ± 16.70 427 ± 218.80 17 ± 12.33 26 ± 12.92 578 ± 283.93 1500 ± 784.00 24 ± 9.82 2.0 ± 0.09 2 ± 1.00 10000 ± 2982.00 280 ± 121.39
D 34.12 ± 1.55 2.00 ± 0.96 5 ± 1.28 <0.3 5 ± 3.30 51 ± 18.54 13 ± 8.29 14 ± 8.93 164 ± 75.94 900 ± 675.00 17 ± 8.39 1.3 ± 0.00 2 ± 0.93 9800 ± 2843.00 300 ± 121.92
SP 19.83 ± 6.76 0.78 ± 0.09 10 ± 3.21 <0.3 3 ± 1.87 71 ± 52.00 14 ± 11.01 14 ± 7.83 114 ± 98.93 1400 ± 792.00 12 ± 6.53 0.8 ± 0.06 3 ± 0.83 10000 ± 1982.93 600 ± 412.93
SP 48.66 ± 3.21 38.13 ± 4.57 2 ± 0.92 <0.3 <3 4 ± 1.28 <1 <1 2 ± 0.03 <100 <2 <0.5 <1 200 ± 92.92 <100
SP 34.12 ± 1.55 15.07 ± 2.01 2 ± 1.03 <0.3 <3 4 ± 2.00 <1 <1 3 ± 0.94 <100 <2 <0.5 <1 100 ± 82.83 <100
SP 19.83 ± 6.76 3.70 ± 0.96 1 ± 0.00 <0.3 <3 4 ± 1.92 <1 14 ± 11.92 6 ± 2.83 <100 <2 <0.5 <1 200 ± 92.93 <100
Sediment – – 8 ± 3.00 <0.3 6 ± 3.60 18 ± 7.42 42 ± 17.00 29 ± 11.81 518 ± 121.10 12100 ± 721.00 8 ± 2.73 <0.5 49 ± 21.11 12800 ± 849.00 6350 ± 927.70
Water – – 0.1 ± 0.0 0.05a 0.1a 0.05a 0.2a 0.02a 0.05a <10 0.9 ± 0.0 0.05a 0.5a 18260 ± 213.0 1a
S, shell; SIC, shell of infested clam; D, digestive gland; DIC, digestive gland of infested clam; SP, soft parts; SPIC, soft parts of infested clam; C, crab.
a Concentrations detection limit.
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In this study abundance and distribution of clams in Park-e
Qadir was more than Nakhl-e-Nakhoda. The coast’s slope in
Park-e Qadir was lower and regarding feeding mechanism in
clams, this station can provide clams with more active feeding
chances because of longer seawater exposure time for clams.
Besides, substrate in Nakhl-e-Nakhoda was harder than
Park-e Qadir to be burrowed by the clams. A reported positive
relationship between clam length and clam total weight in this
study, validated by Saeedi et al. (2010) and Al-Khayat and Al-
Mohannadi (2006) of A. umbonella in Bandar Abbas and Khor
Al-Adaid . Sediments have been often used to assess and mon-
itor the pollution status of marine environment as a sink for
marine pollutants (Salomons et al., 1987). However, sedi-
ment-associated concentrations are not necessarily present
the contaminant fraction (He´douin et al., 2009). Thus, this
study was carried out to assess the usefulness of clam A. umbo-
nella as a valuable bioindicator species in the Northern parts of
the Persian Gulf.
Different compartments of clam were studied separately for
metal concentration which showed a signiﬁcant relationship
between different tissues and their metal concentration. In gen-
eral, the concentration of Pb in shell, As in digestive gland and
Cu, Ag and Zn in remained soft parts were more than other
tissues, suggesting various biological requirements and ten-
dency of different metals to various receptors.
The results on metal distribution in different compartments
of clam are varied as follows:
Mg > Fe >Mn= Al > Zn > As = Cu> Co > Ni >
Pb > Cr > Cd> Ag
The trends are mostly similar to some literature values re-
ported earlier (e.g., Etim et al. (1991), Zn > Ni > Pb > Cd
in clam E. radiata; Metian et al. (2008), Zn > Cd > Co =Mn
in scallop C. radula; and Saeedi et al. (2012),
Mg > Fe > Zn >Mn= As > Co = Cu Ba = Pb = Ni
Cr = Cd Ag in clam S. dactylus). A. umbonella and S. dactylus
are both digger edible clams which live in a same area in
Northern Persian Gulf, Golshahr coast of Bandar Abbas.
Thus, regarding their same habitat and living mechanism,
the concentration of metals in their body followed reasonably
a same pattern. Metal concentrations in A. umbonlla’s kidneys
in Kuwait showed a high relationship with aquatic contamina-
tion (Tarique et al., 2012). The concentration of metals in shell
is partially different from metal concentration in soft parts.
These clams tend to accumulate Fe more than Mg in their
shells which showed different metabolic requirements of differ-
ent tissues. Furthermore, Fe is vital for shell because of its pro-
tection role and biological activities. Yap et al. (2009) reported
the high concentration of Zn in digestive gland of snail Tele-
scopium telescopium in southwest of Malaysia which was re-
lated to high tendency of this metal to connect to
metalotionin in digestive gland. There was also the high con-
centration of Pb in shell showing same results in this study.
Regarding high concentration of Pb in shell and Cu, Ag and
Zn in soft parts more than water and sediment, A. umbonella
can be introduced as a bioindicator for mentioned metals.
However, further studies on clam’s ecosystem and other co-ex-
ist macro-benthic animals is necessary to justify suitability of
using this clam as a bioindicator. Similar results were observed
in other literatures (e.g. de Mora et al. (2004) in bivalve Sac-costrea cucullata and Pinctada radiata; Bilos et al. (1998) in bi-
valve Corbicula ﬂuminea; Saeedi et al. (2012) in clam S.
dactylus) for relatively high level of Zn accumulations in their
pooled soft tissues more than the aquatic medium and being as
a bioindicator for Zinc. Saeedi et al. (2012) only studied metal
concentration in pooled clam soft tissues; thus, their ﬁndings
lack information on metal concentration in different clam
parts to be compared with the present study. Cu and Zn are
essential elements used in the structures of many metalloen-
zymes and metalloproteins such as haemocyanin and zinc ﬁn-
gers (Lippard and Berg, 1994). The high concentration of these
metals is presumably related to their physiological require-
ments, metabolic activities, body structure and type of con-
sumed phytoplankton as well. To illustrate, green mussel
Perna viridis and the Manila clam Ruditapes philippinarum
assimilated metals at a higher efﬁciency from the diatom diet
(Thalassiosira pseudonana) than from inorganic sediment par-
ticles (Chong and Wang, 2000). Riba et al. (2005) reported that
bivalve in Spain accumulate different concentration of Cu
where important source of this metal was belonged to pesticide
used in rice farms during human activities. Diversely, de Mora
et al. (2004) demonstrated that S. cucullata in Oman and UAE
concentrate lower values of Ni than in the sediments. It can
suggest that Ni does not tend to accumulate in those clams
bodies due to lack of biological requirements to this metal.
However, sometimes clams cannot get rid of some metals eas-
ily and these elements concentrate in the organisms more than
others without any physiological requirements.
Parasite pea crab A. tivelae lives in clam A. umbonella which
steals and consumes feeding particles from the clam’s gill (Sae-
edi and Ardalan, 2010). Therefore, the concentration of metals
in crabs would be highly similar to metal concentration in their
host clams. However, the crabs concentrate different values of
metals in their body according to their biological and physio-
logical requirements and activities (Bilos et al., 1998). It can be
suggested that crabs can absorb some metals from clam’s ﬁl-
tered water more than others regarding their life requirements
and metal high availability. For example, concentrations of
Cu, Ag, Zn, Fe, Cd, Mg and Al in crabs were more than clams.
Since Cu, Ag and Zn concentration in parasite crab A. tivelae
were more than clam, water and sediment, this species can also
be reported as a valuable bioindicator for these metals in this
area. Therefore, we can use both of these organisms as poten-
tial bioindicators for this area until the further studies on study
the suitability of other macro-benthic animals in this area as
bioindicators.
Infested clams were only observed at Park-e Qadir and
there was insigniﬁcant difference between metal concentration
in infested and non-infested clams. However, metal concentra-
tion in infested clams was considerably less than non- infested.
Because of lacking enough infested specimens, it can be sug-
gested that statistical analysis was not efﬁcient enough to clar-
ify the parasitic symbiosis effects on metal concentration
mechanism.
Since body size (age) can affect metal concentration in bi-
valve (He´douin et al., 2006), the relationship between clam
length and metal concentration in A. umbonella has investi-
gated. Although the mechanisms of inﬂuences of size on metal
concentration has not been completely studied, two distin-
guished explanations can present which are the
decreasing surface/volume ratio of an organism with
increasing body size, and decreasing metabolic activity in large
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Availability of Venerid Clam, Amiantis umbonella as potential metal bioindicator in Bandar Abbas coast, 101(older) organisms (He´douin et al., 2006). Both reasons would
be due to decreasing metal uptake with increasing individual
size. There was a signiﬁcant correlation between clam length
and concentration of Cd, Mn, Pb and Ag in this study;
whereas, a positive signiﬁcant correlation reported by Saeedi
et al. (2012) between clam length and concentrations of Cu
and Mg in clam S. dactylus. These ﬁndings would suggest that
larger clams had higher bioconcentration potential than smal-
ler ones for Cd, Mn, Pb and Ag in A. umbonella and for Mg
and Cu in S. dactylus which it is more likely to be an increase
in physiological and biological requirements in clams during
their gr owth or metal exposure time which is longer for large
(older) clams. Additionally, presence of Ag in older bivalves
suggests the occurrence of a speciﬁc detoxiﬁcation mechanism
that would be more efﬁcient in older ones (Bilos et al., 1998). A
signiﬁcant relationship between sizes of clam Gafrarium tumi-
dum in New Caledonia and concentrations of Cd, Cr, Co
and Zn (negatively), and Ag (positively) was reported by He´d-
ouin et al. (2006). Bilos et al. (1998) concluded that Cu levels in
Asiatic clam C. ﬂuminea in Argentina signiﬁcantly correlated
with their size (positive) which indicated variable physiological
requirements for this metal with age.
The variations in the mean concentrations of 11 metals
accumulated in A. umbonella is tabulated in Table 5 to com-
pare with the concentration values reported in other literature
in some bivalves around the world. Differences in values for
each metal concentration would be resulted in geographical
discriminations as well as differences in speciﬁc natural differ-
ences and anthropogenic contaminations in the environment.
The metal concentration in both clams A. umbonella and S.
dactylus (Saeedi et al., 2012) in the same study area is nearly
similar. Only Pb and Ni concentrations in A. umbonella
showed more values among the other bivalve reported in the
literature; whereas, other metal concentration in this clam is
somewhat lower than other species. In the study of Tarique
et al. (2012) all metals were more concentrated in different
parts of A. umbonella in both reference and contaminated sites.
However, all measurements in their study was based on wet
weight of clams which may cause different results on metal
contamination.
Cadmium concentration in sediment of Northern Persian
Gulf (all Northern parts of the Persian Gulf) was
2.89 lgg1 dry wt in the study of Pourang et al. (2005) which
was higher than RSA Standard and other locations of the Per-
sian Gulf. In this study and the study of Saeedi et al. (2012)
Cd, Pb and Ni concentrations reached less values among
RSA standard and other locations of the Persian Gulf exclud-
ing Ni concentrations in Bahrain (15 lgg1 dry wt). Also the
concentration of these three metals in seawater showed the
lowest value among other studies as well as the study of Saeedi
et al., (2012) in the same area (Table 6). It can suggest that the
concentration of some metals in seawater of Bandar Abbas has
been reduced since 2008–2009 (Saeedi et al., 2012) or there was
a temporary pollution source in those years.
Pourang et al. (2005) reported the highest concentrations of
Ni (64.89 lgg1 dry wt) in sediments close to the southern
coast of Qeshm Island and Bandar Lengeh of Northern parts
of the Persian Gulf, Iran (Table 6).
There was insigniﬁcant difference in metal concentrations
in clams and waters between two stations. However, some me-
tal concentrations in sediment including Ni, Co, Fe, Cr and
Mg showed a signiﬁcant difference between two stations. How-
Table 6 Metal concentrations in marine sediments (lgg1 dry wt) and seawaters (lgl1) in different locations of the Persian Gulf and
standards.
Location/Standards Cd Pb Ni References
Sediment
Global baseline values for metals in sediments 0.30 19 52 Bowen (1979)
RSA, northeastern Iranian coast 1.25 25 103 ROPME (1999)
Persian Gulf, Bahrain 0.40 12.30 15 ROPME (1999)
Persian Gulf and Oman Gulf 0.02–0.21 0.25–99 0.74–1010 de Mora et al. (2004)
Northern Persian Gulf 2.89 90.47 64.89 Pourang et al. (2005)
Northwest Persian Gulf 0.27–1.00 7.09–29.72 65.57–171.41 Dehghan et al. (2008)
Northern Persian Gulf 0.50 4–7 29–46 Saeedi et al. (in press)
Northern Persian Gulf 0.50 5–9 30–47 Present Study
Water
MPLa for aquatic life 5 22 – Gardiner and Mance (1984)
ANZECCb Guidelines 2 5 15 ANZECC (1992)
Northern Persian Gulf 0.44 5.38 2.79 Pourang et al. (2005)
Northern Persian Gulf 0.83 1.71 8.43 Saeedi et al. (in press)
Northern Persian Gulf 0.05 0.1 0.2 Present Study
a Maximum permissible levels.
b Australian Water Quality Guidelines for Fresh and Marine Waters, Australian and New Zealand Environment and Conservation Council
(ANZECC).
102 H. Saeediever, metal accumulations in several organs of A. umbonella
from the contaminated site in Kuwait were correlated with
those in the sediments and waters of their environments (Tari-
que et al., 2012). It is assumed that Park-e Qadir is more pol-
luted than the second one, but only some metal concentrations
showed signiﬁcant difference in sediments with a high concen-
tration of Mg in Park-e Qadir and Fe and Al in the second.
Since the two stations are approximately near each other (5–
6 km) and metals can transfer from one station to the another
one by water currents, metal concentration in different stations
did not show prominent differences. In addition, Nakhl-e-
Nakhoda is close to a bus terminal which can be affected by
terminal sewages. A signiﬁcant positive correlation was ob-
served between metal concentration in clam, crab, water and
sediment at both stations. This signiﬁcance correlation was
also observed in the study of Saeedi et al. (2012) in clam S. dac-
tylus in the same area. As a ﬁlter feeding behavior, some metals
from sediments and water enter to their bodies and they accu-
mulate metals both from the sediment and water. However,
specimens of A. umbonella prefer to select and consume feeding
materials according to their siphon’s size, body requirements
and feeding particle structure and size.
Different stations and seasons did not affect metal concen-
tration separately. As only water temperature was notably dif-
ferent between two seasons (Table 2), it suggests that water
temperature did not affect the metal accumulation in clams.
However, a signiﬁcant interaction of seasons and sampling sta-
tions was observed for all metals, suggesting that geographical
differences of measured concentrations were dependent upon
the seasonal variation and environmental factors and anthro-
pogenic activities in different stations.
There are a lot of different factories, oil extraction, and hu-
man activities in southern parts of Iran (Northern Persian
Gulf) (Pourang et al., 2005) which can have catastrophic
effects on metal concentration in this region. Therefore,
study on pollution status and having an accurate management
to clean up the environment and establish conservation
policies is necessary. To do this, marine bivalves could be abioindicator for further studies like biomonitoring, manage-
ment plans and human risk assessments.Acknowledgments
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